Venous thromboembolism (VTE) is the third most common cardiovascular disease which is an under-appreciated contributor to the global burden of non-communicable diseases. Previously pulmonary embolism (PE) and deep vein thrombosis (DVT) were regarded as a single disease entity and still today, public awareness of DVT and PE remains comparatively low. But after recognition of genetic factors, such as Factor V Leiden (FVL), the concept has been changing. More studies are going on to observe the correlation between the genetic factors, such as FVL and PE.
Introduction
Pulmonary embolism (PE) is an obstructive disease of the pulmonary arterial system commonly occurring due to the embolization of thrombus originating from the deep veins of the lower extremities [1, 2] . It is one of the leading causes of mortality globally [3] . The mortality rate is 30-35% if acute PE is left untreated [4] , 8% for treated patient and 2-50% have been reported for the recurrence after treating correctly [5] . Since, life-threatening acute PE is an outcome of hemodynamic instability due to the combination of size of the emboli and the underlying cardiopulmonary status [6] , it is vitally important for clinicians to make a correct clinical diagnosis of acute PE and understand the underlying pathophysiology [7] . The pathophysiology of PE comprises of direct physical obstruction of the pulmonary arteries, hypoxemic vasoconstriction, and release of potent pulmonary arterial vasoconstrictors, which contribute to rising in pulmonary vascular resistance and right ventricular (RV) afterload. Then the acute RV pressure overload could lead to RV hypokinesis and dilation, tricuspid regurgitation, and finally, RV failure [7] . Lately, European Society of Cardiology has published an update of their guideline on the diagnosis and management of acute PE [8] . According to the study conducted by Law et al. [9] , the annual incidences of PE, PE with DVT, and DVT in China were 8.7 per 100,000 population, 3.0 per 100,000 population, and 30.0 per 100,000 population, respectively. The 30-day mortality rates accompanying PE, DVT, and PE with DVT were 17.4%, 9.0%, and 13.3% respectively. In the Caucasian population, the annual incidence rate of PE is between 45-189 per 100,000 population. Whereas, the annual incidence rates among Asians is between 3.9-7 per 100,000 population for PE [10, 11] . Currently, VTE is considered to be one of the major, but underappreciated factors leading to the preventable hospital deaths globally [3] and the incidence rate has increased over time in Asia [12] . Hence, there is a substantial necessity for further research and review in Asian population regarding DVT and PE. The various factors, such as environmental, clinical and genetic, play a significant role for the pathogenesis of VTE/PE. Due to this reason, genetics was not given much attention earlier, however, the concept changed when FV Leiden was recently described as an abnormality of coagulation and found to be associated with 18-20% of all idiopathic VTE cases [13, 14, 15] .
What is a Factor V Leiden?
Human coagulation factor V (FV) is a crucial coagulation protein and plays an essential role in the procoagulant and anticoagulant pathways [16] . Whereas, activated protein C (APC), with its cofactor protein S, inactivates factors Va and VIIIa to provide a major natural anticoagulant system [17] . Dählback et al. [18] first described the APC resistance caused by FVL in 1993 and currently, this is the most commonly acknowledged hereditary predisposition to venous thrombosis [17, 18] . FVL refers to the specific guanine to adenine substitution at nucleotide 1691 in the Factor V gene, which predicts the substitution of glutamine for arginine at the Arg 506 APC cleavage site. As a result, Factor Va is resistant to APC and is inactivated at a 10-fold slower rate than normal, leading to increased thrombin generation. FVL is a genetic disorder characterized by an inadequate anticoagulant response to activated protein C and increases the risk of DVT and PE (20 -25% of patients with VTE). The current studies suggest that the mutation has a fundamental role in recurrence risk after initial treatment of first VTE. But the DNA analysis of the F5 gene that encodes the Factor V protein or the protein C resistance assay is required for the diagnosis [19] . In 90-95% of cases, the phenotypic diagnosis can be directly correlated with FV Leiden [20] . Several analyses have shown that the prevalence of the mutation differs depending on races, ranging from 5.27-11% in European descent to approximately 1% in those of
African descent [20] [21] [22] . According to the data derived from one case-control study of African-Americans in Georgia, a FVL prevalence rate was almost comparable in both cases and controls (1.2%) [22] . Hence, the association between FVL and VTE profoundly depend on ethnicity. 
Role of FVL in PE
Even though VTE has a wide range of clinical manifestations and a multiple risk factors, DVT and its major complication PE, are generally considered as a single disease entity [23] . Patients presenting with VTE were previously assumed that the hereditary and the acquired risk factors in patients presenting with DVT are similar to those in patients presenting with PE [24] . So to validate this assumption, Manten et al. [24] conducted a study comparing the correlation of FVL with the different clinical presentations of venous thromboembolic disease. The result showed that the prevalence of the FVL mutation was lowest in patients with Symptoms of PE only and highest in patients with DVT only, whereas the prevalence was in between in patients with Symptoms of both. In a patient without acquired risk factors, FVL was present in 22.7% of the patients presenting with DVT only, and in 11.5% of the patients with PE only. However, with acquired risk factors, 33.3% of the patients presented with PE only and 18.5% of the patients had DVT only. In patients with clinical features of both, this percentage was 13. Overall, the FVL increased the risk of PE by three-fold, and DVT by seven-fold in the carriers of FVL. Similarly, another study conducted by Turkstra et al. [25] reported that the prevalence of the FVL mutation was half of that reported in patients with primary DVT. The common coagulation disorder predisposing to venous thrombosis (resistance to activated protein) was not found to be related with an increased risk for PE and no additional information about concomitant DVT was provided as the evidence was totally based on a functional assay to diagnose APC resistance. So Martinelli et al. [26] carried out a study for the evaluation of the prevalence of factor V by finding out the gene mutation responsible for APC resistance. In that study, the prevalence of FVL was found to be 4.9% (41 patients) with PE only, while 16.9% (65 patients) in patients with PE with DVT. Similarly, Hirmerova et al. [27] found that FVL positive had a substantially higher prevalence of isolated symptomatic DVT in comparison to symptomatic PE with or without DVT. However, the increasing age and the unprovoked nature of the VTE event carried a greater risk of symptomatic PE. On the contrary, the result of the study conducted by the Ridker and colleagues [15] showed that the increased risk of prevalence of FVL mutation appeared in the primary venous thrombosis (DVT, PE or both) rather than secondary venous thrombosis and the effects were most apparent among older men. Likewise, until now most research on the risk of the mutation has been done on patients with deep venous thrombosis of the legs or non-fatal pulmonary emboli [28] . So there has been an important question whether or not carriers have an equally elevated risk of developing fatal pulmonary emboli in the presence as well as in the absence of acquired risk factors. As many data regarding the interaction between the factor V mutation and acquired risk factors for thrombosis has shown different effects. So, Vandenbroucke et al. [28] carried out a study using pathology material from the autopsies of patients to investigate whether the FVL mutation aggravates the risk of fatal pulmonary emboli. The first series of the study consisted of consecutive autopsies in which pulmonary emboli were mentioned in the autopsy report (most patients of this series had the major underlying disease). The second series consisted of autopsies in patients below 70 years of age in which pulmonary emboli were the only cause of death and no additional major acquired risk factor for venous thrombosis was present. The study showed that in the first series, the presence of FVL was determined in 44 patients, 1 of whom carried the mutation (2.3%). This prevalence was not different from the general population of that place. In the second series, FVL was detected in 30 patients of whom 3 carried the mutation (10%) that lead to a threefold relative risk. So, the study concluded that in the presence of severe illnesses, the FVL mutation plays no additional role in the development of pulmonary emboli. The relative risk of the very rare fatal pulmonary embolus, which is the only cause of death, may also be not more than the relative risk for DVT in the carriers of the FVL mutation. Similarly, other studies regarding the relationship between FVL and PE using autopsy material found no association between them [29, 30] .
FVL and the PT G20210A variant
A single point mutation in factor V gene (at nucleotide position 1,691, G-A substitution) [31] and in prothrombin gene (a G to A transition at position 20210 in the sequence of the 3-UT region) [32] were identified by Bertina et al. and
Poort et al. having a relationship in VTE. These two factors are the most common associated genetic risk factors for VTE [31, 32] , though many studies suggest that VTE recurrence rates are higher in patients with inherited genetic defects [33, 34] . A study carried out by Gadelha et al. [35] enrolling patients with the first episode of VTE showed that out of 22428, 345 patients had FVL, 261 had prothrombin G20210A, and 2399 tested negative. Similarly, according to a large meta-analysis conducted in 2012, the results suggest that FV Leiden patients are more likely to present with DVT than with isolated PE [23] . On the other hand, the prevalence of prothrombin mutation is similar in patients presenting with DVT and in patients presenting with isolated PE [23, 36] . Prothrombin is less likely to affect the VTE location at presentation [23] . Hence, the reason why the prevalence of prothrombin was similar in patients presenting with DVT and in patients presenting with isolated PE remains to be established. Another study which was conducted in China reported that either FVL or prothrombin G20210A mutation was not determined in their study. The result that they obtained was very similar with those from other Asian countries Japan, Korea, and Thailand, and suggested that FVL and prothrombin G20210A mutations are very rare in Asians and not genetic risk factors for both PE and DVT [37] . Furthermore, Sundquist et al. [38] conducted a study to see the relationship between VTE recurrence in relation to FVL and prothrombin mutations. In that study, 47% had FVL, compared to 31% of patients without recurrence.
Prothrombin was the second most common thrombophilic defect after FVL and was present in 6% of the patients with recurrence compared to 4% in patients without recurrence.
The Relationship between PE and DVT
Numerous risk factors are known to be associated with the venous thrombosis. Advanced age, surgery, fractures, prolonged immobilization, use of oral contraceptives and hormone replacement therapy, pregnancy, puerperium, cancer, and antiphospholipid syndrome are the generally accepted acquired risk factors [37] . The relative risk of PE is found to be lower than that of DVT in patients with APC resistance and the prevalence of FVL or APC resistance in patients with isolated PE has been reported to be about half of that in patients with isolated DVT [24, 25, 26] . Whereas, DVT and PE patients do not differ in the prevalence of the second most common thrombogenic mutation, the G20210A prothrombin mutation [23, 36] . According to Bounameaux [36] , there are two main hypotheses for the FVL for DVT and PE. Firstly, the lower prevalence of the APC resistance had been found in unselected PE patients. This might be because of the selection bias as most of the data on FVL and DVT were coming from highly specialized centers. Secondly, the thrombus is more stable and more adherent to the vessel wall in patients with FVL and this might be perhaps due to the fact that the factor augments the local thrombin generation which further intensifies the local inflammatory process to the thrombus, or might be because it impairs the profibrinolytic response to APC. This second hypothesis is further supported by the Björgell and colleagues [39] . They have described and compared the location and extent of thrombosis of in FVL carriers and non-carriers with DVT and found that thrombosis occurred less often in the iliofemoral veins among FVL carriers and also the thrombi in those patients were significantly smaller than in the non-carriers. As PE originates more frequently from large, proximal (iliofemoral) thrombi, the patients with FVL might be less prone than those without to develop PE when they have DVT. Similarly, Goldhaber [40] has mentioned the upper extremity DVT as a frequently overlooked problem as it has become more common with the increasing use of central venous catheters, pacemakers, and internal cardiac defibrillators. 
Conclusion
The prevalence of FVL is more in DVT in comparison to the PE alone, and the opposite is true for the patient with the acquired risk factors. In the presence of severe illnesses, the FVL plays no additional role in the development of pulmonary emboli and the relative risk of the very rare fatal pulmonary embolus may possibly be less than the deepvein thrombosis in carriers of the FVL mutation. While the prevalence of prothrombin mutation is the second most common thrombophilic defect after FVL in patients with recurrent VTE, there is no difference in prothrombin mutation in DVT and isolated PE patients. Although many studies have been performed to establish the relationship between FVL and PE, there is a need of the large prospective studies to establish the associations between them due to the reason of avoiding biasness in the selection of the true patients and related risk factors.
